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ABSTRACT 28 
Aim Multinational collaboration is important for successfully protecting marine 29 
environments. However, few studies have assessed the costs and benefits incurred by taking 30 
collaborative action. One of the most complex marine regions in the world is the 31 
Mediterranean Sea biodiversity hotspot. The sea is shared by over twenty countries across 32 
three continents, with a vast array of socio-economic and political backgrounds. We aimed to 33 
examine how collaboration between countries of the Mediterranean Sea affects conservation 34 
plans when costs and threats are considered.  35 
Location The Mediterranean Sea. 36 
Methods We compared three collaboration scenarios to test the efficiencies of coordinated 37 
marine conservation efforts; full coordination between Mediterranean countries, partial 38 
coordination within continents and no coordination where countries act in isolation. To do so, 39 
we developed four basin-wide surrogates for commercial and recreational fishing effort in the 40 
Mediterranean Sea. Using a systematic decision support tool (Marxan) we minimised the 41 
opportunity costs while meeting a suite of biodiversity targets. 42 
Results We discovered that in order to reach the same conservation targets, a plan where all 43 
the countries of the Mediterranean Sea collaborate can save over two thirds of the cost of a 44 
plan where each country acts independently. The benefits of multinational collaboration are 45 
surprisingly unequal between countries. 46 
Main conclusions This approach, which incorporates biodiversity, costs and collaboration 47 
into a systematic conservation plan, can help deliver efficient conservation outcomes when 48 
planning spatially explicit actions within marine environments shared by many countries. 49 
 50 
Key words: Cross-country collaboration, efficient conservation, Mediterranean Sea, 51 
opportunity cost, spatial prioritisation, threatened vertebrates  52 
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INTRODUCTION    53 
While most marine conservation actions are currently conducted within single countries, 54 
multinational initiatives involving cross-country collaborations are increasing within the 55 
marine realm (Mackelworth, 2012; Punt et al., 2012). These collaborative programs between 56 
countries are perceived to incur large costs and resources (Stolton et al., 1999; Sandwith et 57 
al., 2001). Several studies have assessed the ability of collaborative initiatives to protect 58 
terrestrial biodiversity and reduce the costs incurred by taking collaborative conservation 59 
action (Strange et al., 2006; Bladt et al., 2009; Kark et al., 2009; Moilanen et al., 2012). 60 
However, no studies have investigated this issue within the marine environment. 61 
Despite conservation efforts notoriously lagging behind in the marine realm (Chape et 62 
al., 2005), the intrinsic ecological connectivity of marine systems suggests that cross-country 63 
collaboration makes sense (Mackelworth, 2012). The marine system is temporally dynamic, 64 
highly connected and unrestricted by national borders (Hyrenbach et al., 2000; Agardy et al., 65 
2011). Marine borders between countries exist but the absence of physical boundaries makes 66 
them less easily defined compared to terrestrial borders (Carr et al., 2003; Mackelworth, 67 
2012). The connectivity of waters in the marine realm means that countries invariably share 68 
many marine species, as well as conservation threats and challenges (Wilkinson et al., 2004). 69 
Moreover, actions conducted in one marine space often affect that of another, e.g. pollution 70 
dispersion and invasive species (Boudouresque & Verlaque, 2000). Such interdependence is 71 
especially evident in places where many countries or states share a common sea or ocean, 72 
such as the Caribbean, the Coral Triangle, the Baltic Sea and the Mediterranean Sea.  73 
Establishing coordination between countries is challenging within heterogeneous 74 
systems (Stolton et al., 1999) and one of the most politically and ecologically complex 75 
regions in the world is the Mediterranean Sea (Cognetti, 1993). The Mediterranean Sea 76 
supports a rich marine biodiversity (Abdulla et al., 2009) that is concentrated in a small area 77 
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surrounded by over twenty countries across three continents: Europe, Asia and Africa. Thus, 78 
most conservation issues in the Mediterranean Sea involve two or more countries. The 79 
Mediterranean Sea is visited by ~200 million tourists a year and supports the livelihood of 80 
~150 million people via: small-scale subsistence fishing, employment within commercial 81 
fisheries and as a food source (Madau et al., 2009; UNEP, 2013). In addition, the multiple 82 
users of this common resource face very different circumstances. Countries surrounding the 83 
Mediterranean Sea show a vast array of cultural values, economic statuses, political systems, 84 
religions and languages (Badalamenti et al., 2000; Kark et al., 2009). All these additional 85 
factors can impede successful collaboration (Sandwith et al., 2001). 86 
Most conservation efforts in the Mediterranean Sea are uncoordinated (Giakoumi et 87 
al., 2012) and are insufficient at protecting the Sea’s highly threatened biodiversity. The 88 
goals of the Convention on Biological Diversity (CBD, 2013), which is an agreement signed 89 
by most Mediterranean countries aiming to conserve 10% of the sea, are far from being 90 
achieved (Gabrié et al., 2012; Giakoumi et al., 2012).With limited conservation measures in 91 
place, the Sea’s native species and ecosystems continue to face threats from both land and 92 
sea-based anthropogenic activities (Coll et al., 2010; Coll et al., 2012). Existing marine 93 
protected areas (MPAs) are relatively small, and are not based on coordinated legislation or 94 
criteria for establishment; each country has their own guidelines for administering MPAs 95 
(Fraschetti et al., 2005). While the implementation of protected areas has raised conservation 96 
awareness, limited structural integrity and cross-country collaboration challenges the ability 97 
of these MPAs to protect and sustain the biodiversity of the Mediterranean Sea (Abdulla et 98 
al., 2009).  99 
Planning collaborative conservation in complex environments requires advanced 100 
spatial prioritisation tools (Kark et al., 2009). In the Mediterranean Sea, where the survival of 101 
biodiversity relies on the ability for countries to collaborate and collaboration is obstructed by 102 
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the socio-economic and political complexity of the region, conservation plans and actions 103 
should include costs (Ando et al., 1998; Stewart et al., 2003) and other anthropogenic factors 104 
(Kark et al., 2009). Systematic conservation planning for the Mediterranean Sea has only 105 
recently been considered within local studies (Fraschetti et al., 2009; Maiorano et al., 2009; 106 
Giakoumi et al., 2011). Until today, no plans have explicitly included the cost of conservation 107 
actions or considered socio-economic factors when choosing priority conservation areas at 108 
the whole Mediterranean scale. Systematic methods driven by explicit objectives that 109 
incorporate costs of conservation actions (Moilanen et al., 2009) can help better direct and 110 
inform decision makers. 111 
To our knowledge, no conservation plans have quantified the effectiveness of 112 
between-country collaboration within the Mediterranean Sea. Nevertheless, spatial priority 113 
areas identified in the Mediterranean Sea via species richness estimates, expert advice and/or 114 
threat mapping (Notarbartolo-di-Sciara & Agardy, 2009; Coll et al., 2012) often cover 115 
several countries and their establishment requires coordinated conservation action. Similarly, 116 
global conservation priority areas and hotspots often involve several countries (Myers et al., 117 
2000; Brooks et al., 2006). While the need for collaborative action is evident, the benefits and 118 
cost efficiency of collaboration is often not as clear (Sandwith et al., 2001; Mackelworth, 119 
2012). Successful cross-country collaborations in conservation are often attributed to a 120 
transparent planning process with defined costs and savings (Sandwith et al., 2001; Agardy et 121 
al., 2011). Therefore, quantifying the benefits of potential collaborative initiatives in the 122 
marine realm may provide incentives for countries or stakeholders to collaborate (Agardy et 123 
al., 2011). 124 
Here, we present the first study to quantify the effectiveness of collaborative 125 
conservation between countries in the marine realm. Prior knowledge of the costs and 126 
benefits of turning marine areas into collaborative MPAs can better direct us to forge 127 
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collaborative ties which will reap benefits, despite the challenges they pose. We explore the 128 
role of cross-country collaboration in the Mediterranean Sea. We assess three collaboration 129 
scenarios by examining spatial priorities for the protection of threatened Mediterranean 130 
vertebrate species using a systematic conservation planning tool that incorporates the costs of 131 
conservation actions. We aim to address the following question: Can collaboration between 132 
countries of the Mediterranean Sea improve conservation efficiency, achieving the same 133 
conservation outcomes for less cost?   134 
 135 
METHODS 136 
Quantitative systematic planning 137 
In order to evaluate the conservation efficiency of protecting threatened species within the 138 
Mediterranean Sea, we used Marxan. Marxan is a decision support tool for systemic 139 
conservation planning that implements a minimum set approach (Ball et al., 2009; Watts et 140 
al., 2009). It uses a simulated annealing algorithm to solve a well defined mathematical 141 
problem, identifying sites that fulfil quantitative targets for biodiversity features in a compact 142 
system of protected areas for the least possible cost (McDonnell et al., 2002; Ball et al., 143 
2009). Thus, Marxan works to reach a set target for the least cost, which in our case is the 144 
opportunity cost to commercial fisheries and non-commercial (subsistence and recreational) 145 
fishers. 146 
Distribution range data of all known 77 threatened or near threatened vertebrate 147 
species (six of which are endemic to the Mediterranean Sea) were compiled from the recent 148 
IUCN database (IUCN, 2012; Fig. 1; see Table S1 in Supporting Information). Five taxa 149 
groupings comprising seven marine mammal species (Reeves & Notarbartolo-di-Sciara, 150 
2006) five sea birds species (Birdlife International, 2012), 24 native fish, 39 shark and ray 151 
(cartilaginous fish) species (Abdul Malak et al., 2011) and nesting sites of two sea turtle 152 
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species were used (Casale & Margaritoulis, 2010; Table S2). This data provides a baseline at 153 
a whole Mediterranean Sea scale, at a reasonable resolution for conservation plans at large 154 
scales. All data were overlayed and projected into Albers Equal Area Projection with a 155 
resolution of 10 x 10 km planning units (creating 26,946 planning units), using ArcGIS 156 
software (ESRI, 2008). We set a conservation target to protect 10% of each species’ 157 
distribution, following targets of the Convention on Biological Diversity (CBD, 2013). This 158 
10% target was set for each scenario based on the distribution ranges of the species present 159 
within the defined spatial extents (in collaboration scenarios targets were met jointly between 160 
collaborating countries). While this approach does not consider whether the target is adequate 161 
at conserving the species or maintaining population viability, it does deliver a baseline of 162 
equitable representation (Tear et al., 2005; Carvalho et al., 2011). 163 
Input parameters were held constant in Marxan to ensure comparisons were valid. To 164 
enable comparisons between scenarios we did not preferentially cluster planning units in 165 
space, but set algorithm parameters so that all targets (10% of each species’ distribution) 166 
were met. Ten Marxan runs were performed with 1000 repetitions each, producing ten “best 167 
solution” outputs for each collaborating area of a scenario. The “best solution” output is the 168 
reserve system that performs best at reaching its conservation target with minimal cost. High-169 
priority conservation areas were identified by the percentage of times (e.g. ≥90%) each 170 
planning unit was selected in the ten “best solutions”. 171 
Cross-country collaboration 172 
To test the role of cross-country collaboration, we used the Mediterranean Sea tentative 173 
division into Exclusive Economic Zones (EEZs; VLIZ, 2012) and used Marxan to find good 174 
reserve systems following varying collaboration scenarios. To enable an economic 175 
comparison between different collaboration scenarios we used a fishing opportunity cost 176 
layer (see below) as a reservation cost for each planning unit (Fig. 2). We compared three 177 
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collaboration scenarios following Kark et al. (2009): 1) Fully coordinated: all countries 178 
collaborating. 2) Partly coordinated: countries within each continent collaborating, including 179 
Africa (8116 planning units: Morocco, Algeria, Tunisia, Libya, Egypt), Asia (1672 planning 180 
units: Turkey, Syria, Lebanon, Israel, Palestinian territories) and Europe (17158 planning 181 
units: EU countries, Monaco, Croatia, Bosnia-Herzegovina, Montenegro, Albania). 3) 182 
Uncoordinated: each country acts in isolation. To clarify, for the Fully coordinated scenario 183 
there were a total of 10 Marxan runs (producing 10 best solutions), for the Partly coordinated 184 
scenario there were 30 Marxan runs (10 best solutions for each of the 3 continents) and for 185 
the Uncoordinated scenario there were 180 Marxan runs (10 best solutions for each of the 18 186 
countries). The selection frequency of the ten “best solutions” was compared for each country 187 
with respect to the three levels of collaboration. 188 
For the uncoordinated scenario we only considered countries with an EEZ covering an 189 
area of five or more planning units (eliminating: Bosnia-Herzegovina, Gibraltar, Monaco and 190 
Slovenia, where the EEZ area was too small for selecting spatial priorities). We compared the 191 
cost, area and spatial arrangement of high-priority conservation areas with respect to the three 192 
levels of collaboration. 193 
Incorporating opportunity cost  194 
There are a range of costs involved with implementing and planning for an MPA network 195 
(Ban & Klein, 2009). An important cost to consider is opportunity cost (Klein et al., 2010), 196 
which is the forgone cost (lost benefit) when an activity takes place where another occurred 197 
or can occur (e.g. fishing net benefit or profit that will be forgone when an area is declared an 198 
MPA; Cameron et al., 2008). Here we constructed four cost layers that represent the 199 
opportunity cost to fishers of the Mediterranean Sea (Fig. 2). We constructed these layers by 200 
summing two spatial layers (both layers in US$) that represent revenue (an approximation for 201 
opportunity cost) for: commercial fishing and non-commercial fishing as described below. 202 
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The four resulting cost layers were used to test the sensitivity of our results and were used in 203 
Marxan for all three collaboration scenarios. 204 
Commercial fishing costs 205 
We developed an equation to represent the opportunity cost of commercial fishing at a spatial 206 
scale of 100 km2. As a surrogate for commercial fishing revenue at the whole Mediterranean 207 
Sea scale we used data on tonnes of fish caught in 28 Geographical Sub-Areas (GSAs) for the 208 
year 2008 provided by the General Fisheries Commission for the Mediterranean (FAO, 209 
2011). To date, this is the most current and spatially refined data available for the 210 
Mediterranean Sea on fish catch. To estimate the annual catch of commercial fishing Ci in 211 
each planning unit i (100 km2) we assumed that it is proportional to the size of the nearest 212 
port Psize 
1and the distance d to that port (km) weighted exponentially by a constant ∝ (we 213 
used three values: 0.001, 0.01, 0.05; Fig. S1), and then multiplied by the area A of planning 214 
unit i. To ensure that the total value of catch in the region sums to its real value (value of each 215 
GSA region stated in FAO, 2011), we normalised the catch of commercial fishing in each 216 
planning unit by a measure of total regional effort Reffort, which is equal to 217 
𝑅𝑒𝑓𝑓𝑜𝑟𝑡 = ∑ 𝑃𝑠𝑖𝑧𝑒𝑒
−∝𝑑𝐴𝑖
𝑚
𝑖=1  , 218 
where m is the number of planning units in a given region (28 GSA regions). We multiplied 219 
the final value by the total biomass of fish in the region (ton) Rbiomass, multiplied by the price 220 
of fish (US$ per ton) Cfish, to obtain a monetary cost. As a surrogate for Cfish, we used the 221 
price of European anchovy (Engraulis encrasicolus) which is US$3,990 per ton (FAO, 2010). 222 
We chose the European anchovy parameter based on a ranking of fish species that contribute 223 
to most of the landings within the Mediterranean Sea (Lleonart & Maynou, 2003, FAO, 224 
2010) and because comparably it is an average-priced fish species on the market (FAO, 225 
                                                          
1 There are four port sizes Psize:1 = very small; 2 = small; 3 = medium; 4 = large. “The classification of port 
size is based on several applicable factors, including area, facilities and wharf space” - National Geospatial-
Intelligence Agency (2005). 
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2010). The final expression for an estimate of the opportunity cost of commercial fishing Ci 226 
in each planning unit i is: 227 
𝐶𝑖 = (
𝑃𝑠𝑖𝑧𝑒𝑒
−∝𝑑𝐴𝑖
𝑅𝑒𝑓𝑓𝑜𝑟𝑡
) 𝐶𝑓𝑖𝑠ℎ𝑅𝑏𝑖𝑜𝑚𝑎𝑠𝑠 , 228 
where Reffort is defined above.  In an effort to smooth hard boundaries between the GSAs 229 
within our opportunity cost layer, we used the spatial low-pass filtering tool in ArcGIS 230 
(ESRI, 2008). The three resulting opportunity cost layers provide baseline estimates of the 231 
spatial costs involved with closing commercial fisheries in any place that is part of the 232 
Mediterranean Sea (Fig. S1). 233 
Non-commercial fishing costs 234 
Very limited quantitative information exists for the revenue and effort of non-commercial 235 
fishing (subsistence and recreational fishers) in the Mediterranean Sea (Lloret et al., 2008). 236 
Therefore, we assumed that the opportunity cost of non-commercial fishing within the 237 
Mediterranean Sea is a function of human population size along the coastline. Human 238 
population data along the coast has been used as a surrogate for fishing (Ban et al., 2009) and 239 
linked with declining fish species (Stallings, 2009). We developed an equation to represent 240 
the annual opportunity cost of non-commercial fishing NCi, in each planning unit i (100 km
2), 241 
where the cost is a multiplication of the number of days fishing per fisherman per year Nvisits, 242 
the cost (US$) of one day fishing per year Cfishing, and the annual number of fishers 243 
frequenting the planning unit Nfi : 244 
𝑁𝐶𝑖 = 𝑁𝑣𝑖𝑠𝑖𝑡𝑠𝐶𝑓𝑖𝑠ℎ𝑖𝑛𝑔𝑁𝑓𝑖 . 245 
For the parameter Nvisits, previous studies suggest that on average recreational fishers 246 
in mainland Spain and France engage in ~30-35 days of fishing per year (SFITUM, 2004), 247 
however higher frequencies have been found within other parts of the Mediterranean 248 
(Morales-Nin et al., 2005; Ünal et al., 2010). The frequency of subsistence fishing in the 249 
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Mediterranean Sea is unknown. As such data were unavailable we used a conservative 250 
estimate of 30 visits per year per person (Nvisits). 251 
To calculate Cfishing, we followed two approaches resulting in two separate cost layers: 252 
1) cost equal to one day salary per country using 2011 GDP (International Monetary Fund, 253 
2012; Fig. S2(a)); 2) a constant cost of US$50 per day salary per person regardless of the 254 
country (Fig. S2(b)). 255 
We calculated non-commercial fishing effort per planning unit Fi, from human 256 
population data at a resolution of 2.5′’ for 2010 (CIESIN, 2005). To measure fishing effort, 257 
we buffered each planning unit by a 22 km radius (~12 nautical miles - average width of 258 
territorial waters for each country within the Mediterranean. (Cacaud et al., 2005)), but no 259 
more than 10 km inland from the coast (approximate distance a fisher would travel to the 260 
coast; Clark et al., 2002; Sidman & Fik, 2007; Ellender et al., 2009). This buffer was chosen 261 
because the majority of non-commercial fishing of the Mediterranean Sea occurs within this 262 
distance (IEEP, 2002; Morales-Nin et al., 2005). Within this buffer, we calculated the 263 
population by summing n units (all 1 km2 population units in the buffer; CIESIN, 2005), thus 264 
obtaining k. 265 
For each country, a total non-commercial fishing effort, CNF, was calculated. Studies 266 
indicate that ~10% of each country’s population engages in recreational fishing in 267 
Mediterranean Sea (GFCM, 2010), however for developed countries such as Spain, it is 268 
around 30% (SFITUM, 2004; Ditton et al., 2008). Currently, no estimate of subsistence 269 
fishing exists within the Mediterranean, although studies indicate that in developing countries 270 
a large portion of the population is reliant on fishing as a source of food, income and 271 
livelihood (Feidi et al., 1998; Jacquet et al., 2010). As these values were unavailable for each 272 
country within the Mediterranean Sea we used a surrogate for CNF, and calculated 30% of 273 
each countries coastal population density at a buffered distance of 10 km inland.  274 
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The annual number of non-commercial fishers frequenting a planning unit, Nfi , is a 275 
function of the non-commercial fishing effort F per planning unit i and the area A of planning 276 
unit i, divided by, Ceffort, the sum of non-commercial fishing effort for m planning units, 277 
where m is the number of planning units of a country’s EEZ. We further scaled the cost of 278 
non-commercial fishing in each planning unit by the country’s total non-commercial fishing 279 
effort, CNF.  For Fi, we assume that it is determined by the population k along the coastline, 280 
weighted exponentially by distance d (km) from the midpoint of k to the midpoint of the 281 
planning unit, with a constant ∝ = 0.01. 282 
The annual number of fishers per planning unit is equal to: 283 
𝑁𝑓𝑖 = (
𝐹𝑖 𝐴𝑖
𝐶𝑒𝑓𝑓𝑜𝑟𝑡 
) 𝐶𝑁𝑓, 284 
where, 285 
𝐶𝑒𝑓𝑓𝑜𝑟𝑡 = ∑ 𝐹𝑖𝐴𝑖
𝑚
𝑖=1 . 286 
and, 287 
𝐹𝑖 = ∑ 𝑘
𝑛
𝑘=1 𝑒
−∝𝑑. 288 
Using ArcGIS software (ESRI, 2008), we constructed the opportunity cost layers 289 
along the Mediterranean coastline, giving a total of 8,964 planning units. This provides a 290 
basic framework for calculating non-commercial fishing costs across the entire 291 
Mediterranean Sea using surrogate data, however if such data become available in the future 292 
it could feed into this equation to help create a more informative cost layer.    293 
 294 
RESULTS 295 
We discovered that planning for marine conservation in the Mediterranean Sea when 296 
countries collaborate can significantly improve conservation efficiency compared to a 297 
scenario where countries act separately. Based on all four cost proxies and conservation 298 
targets, a fully coordinated scenario where the Mediterranean Sea is treated as a single 299 
integrated entity can save 70-77% of the total cost of an uncoordinated scenario where 300 
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countries act in isolation (Table 1). A partly coordinated scenario, where countries from each 301 
continent coordinate, can save 55%-71% of the total cost of an uncoordinated plan. 302 
Comparing a fully coordinated scenario with a partly coordinated scenario we find that a fully 303 
coordinated scenario is still most cost effective with savings 21%-46% of the cost of the 304 
partly coordinated scenario. Thus, to meet the same conservation targets opportunity costs 305 
were substantially reduced when considering higher levels of coordination among countries 306 
(Table 1).  307 
The area required in order to implement the three conservation plans slightly 308 
decreased when collaboration between countries increased. The average area (of the ten best 309 
solutions of each collaboration level) required to implement a fully coordinated conservation 310 
plan was reduced by 900-1200 km2 when compared to an uncoordinated plan. The area 311 
required for implementing a partly coordinated scenario was also reduced by 600-1000 km2   312 
compared to the uncoordinated scenario (Table 1).  313 
We found that when partaking in a collaborative plan the savings in marine 314 
conservation costs differ among various countries. Due to the similarity in our collaboration 315 
findings for the four cost layers we report here on our findings from one cost layer (see Fig. 316 
2(b) for cost layer). We found that while 12 of 18 countries had their highest savings when 317 
conducting conservation in a coordinated plan (Table S3), six countries had greatest savings 318 
when conducting conservation with no coordination. Countries that had the greatest 319 
reductions in costs with a fully coordinated plan compared to an uncoordinated plan include: 320 
Spain (saving ~US$1,053 million), Tunisia (saving ~US$197 million), Italy (saving ~US$185 321 
million) and Morocco (saving ~US$74 million; Figs. 3. 4). Countries that had the largest cost 322 
difference in a fully coordinated plan compared to an uncoordinated plan were: France (cost 323 
of ~US$85 million), Libya (cost of ~US$23 million) and Malta (cost of ~US$14 million; 324 
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Figs. 3, 4).  Two countries saved the most from a partly coordinated scenario, Egypt (saving 325 
~ US$4 million) and Montenegro (saving ~ US$0.5 million) (Table S3; Fig. 4). 326 
Our results showed higher clustering of spatial priorities with high levels of 327 
collaboration (Fig. 5). For the fully coordinated plan, high priority conservation areas for all 328 
threatened vertebrate species that minimise opportunity cost and meet conservation targets 329 
were identified. These areas included: the coastal waters of France and Malta, the Adriatic 330 
Sea, the Aegean Sea, deep waters of Israel, coastal waters of Egypt and Libyan coastal waters 331 
near the Tunisian border (Fig. 5(a)). The spatial priorities found in the fully coordinated 332 
scenario were present in all four cost layers (Fig. S3). For the partly coordinated scenario we 333 
found that the priority areas changed and become less clustered compared with the fully 334 
coordinated scenario. The Aegean Sea and the deep waters between the boarder of Greece 335 
and Libya become higher priority areas in the partly coordinated scenario (Fig. 5(b)). 336 
However, the Libyan and Egyptian coastal waters did not persist as high priority areas as 337 
found in the fully coordinated scenario. Spatial priorities became even more dispersed in the 338 
uncoordinated scenario compared with the fully and partly coordinated scenarios (Fig. 5(c)).  339 
 340 
DISCUSSION 341 
Conservation efficiency can be significantly increased when countries of the Mediterranean 342 
Sea coordinate their conservation actions to protect marine species. A fully coordinated plan 343 
across the Sea can reduce conservation costs by more than two thirds (70%-77%; Table 1). 344 
Thus, an uncoordinated plan is almost four times more expensive than a coordinated plan to 345 
meet the same conservation targets. A partly coordinated plan where countries from each 346 
continent collaborate can also reduce conservation costs by more than a half (55%-71%; 347 
Table 1) of the cost of an uncoordinated plan. In light of our findings, collaboration between 348 
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countries of the Mediterranean Sea should be encouraged as a means to improve conservation 349 
efficiency in the marine environment. 350 
Costs were considerably reduced by increasing collaboration among countries, but 351 
area requirements were largely unaffected (Table 1). To reach the same conservation targets, 352 
all collaboration scenarios in our study required almost the same amount of area to be 353 
devoted to marine conservation. For the same spatial extent, we found that spatial priorities 354 
for marine conservation were clustered differently for the three levels of collaboration (Fig. 355 
5). Thus, the huge cost efficiencies are realised via choosing to take conservation action in 356 
the cheapest places (Carwardine et al., 2008). If we assumed that the area and the cost are 357 
equal when planning for conservation then we would be assuming a homogenous system 358 
(Ando et al., 1998; Naidoo et al., 2006), which is clearly not the case in the Mediterranean 359 
Sea or most other real systems.  360 
Findings from terrestrial studies while showing similar trends, do not translate directly 361 
to the marine realm when planning conservation (Halpern & Warner, 2003). Kark et al. 362 
(2009) explored collaboration of the Mediterranean terrestrial basin for threatened vertebrates 363 
and found a fully coordinated plan can save 45% of the total cost compared to an 364 
uncoordinated plan; whereas our coordinated marine plan delivered greater savings, up to 365 
three quarters. Area requirements were also largely reduced with increased collaboration on 366 
the land (Kark et al., 2009), but were found to be almost constant in our study (Table 1). Kark 367 
et al. (2009) found that high priority areas for terrestrial conservation efforts were 368 
concentrated in the European part of the Mediterranean. Here, we found that priority areas 369 
were spread throughout the Mediterranean Sea with no concentration in one geographical 370 
area (Fig. 5). We suggest that collaborative conservation efforts may be more mutually 371 
beneficial and feasible in the marine realm, than the terrestrial realm, in this complex region. 372 
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While we have shown that a fully coordinated plan is most cost-effective, establishing 373 
collaboration is hampered by economical, political or social barriers (Sandwith et al., 2001). 374 
Even a partly coordinated plan, where countries within each continent collaborate is difficult 375 
to achieve in this socio-politically complex region. Large-scale spatial plans may be difficult 376 
to implement (Kark et al., 2009; Agardy et al., 2011), but our study indicates that even partial 377 
collaboration between countries can deliver huge benefits (Table 1). Therefore, one option is 378 
to plan collaboration across countries that already have established ties. In 2008, the 379 
European Commission announced the establishment of an MPA network to protect marine 380 
biodiversity in European waters following the Marine Strategy Framework Directive 381 
(European Commission, 2008). The European Union, where collaborative legislation and 382 
initiatives already exist, may provide a suitable platform for establishing collaboration. North 383 
African collaborations also exist for conservation (IUCN Centre for Mediterranean 384 
Cooperation, 2012); most African countries in the region are linked to the Union of Arab 385 
Maghreb (UAM) Agreement and the Pan-African Parliament treaty (2006). 386 
Interestingly, we found that multinational collaboration does not reduce conservation 387 
costs equally for every country when they collaborate. Such results are related to the high 388 
heterogeneity of costs (Fig. 2) and species (Fig. 1) in the Mediterranean Sea, and are perhaps 389 
a likely outcome for complex regions where high diversity between countries exists. The 390 
majority of countries around the Mediterranean Sea saved money by engaging in a 391 
collaborative plan. However, for France, Libya and Malta costs remained high despite 392 
collaboration (Fig. 3; Fig. 4). We find that these countries may have areas that remain high 393 
priorities regardless of the level of collaboration (Fig. 5(a),(b)), which means the benefits of 394 
collaboration are small or negative. While the benefits are inequitable, cross-country 395 
collaboration reduced costs for most Mediterranean countries and is far more efficient for the 396 
Mediterranean Sea as a whole. Because the costs and benefits between the collaborating 397 
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countries are highly variable (Fig. 5), but the overall benefits are substantial, we believe that 398 
plans like this may require between country compensations or subsidy measures. For 399 
example, Spain can gain from investing in a fully collaborative plan (~US$1,053 million), but 400 
in order to involve countries which do not gain, Spain may need to provide financial 401 
assistance to other countries. Despite the establishment costs, such countries may actually 402 
gain from investing in a collaborative plan in the long term when the benefits of marine 403 
reserves occur (Halpern & Warner, 2003). Additional profits from establishing protected 404 
areas such as “MPA spillover” where fish stocks within an MPA spill over to unprotected 405 
areas (increased fish biomass; Goñi et al., 2008; Stobart et al., 2009) and tourism profits 406 
(Agardy, 1993) were not considered in this study and may in time cover the initial costs. 407 
Large-scale conservation planning in a region with many countries that have different 408 
economics and data is challenging (Kark et al., 2009). Presently, there is poor availability of 409 
consistent socio-economic data within the Mediterranean basin at broad spatial-scales. This is 410 
especially evident for recreational and subsistence fishing, where very little, if any, 411 
information is available at a country level (Lloret et al., 2008). In addition, there are unknown 412 
factors such as illegal fishing which may mean reported annual catches of some countries are 413 
actually higher (Coll et al., 2013). In making decisions for the entire Mediterranean Sea when 414 
there is little access or collaboration of data, using cost surrogates are a necessary alternative 415 
approach (Rodrigues & Brooks, 2007). Our objective was to compare collaboration scenarios 416 
rather than provide a detailed conservation work plan. We had no restrictions on budgets, 417 
however if this study was being explored as a conservation plan for the region we would need 418 
to find more detailed economic data, include set budgets (e.g. budgets per country based on 419 
their capacity to contribute to marine conservation), transaction costs and the cost of 420 
protected area management. As more detailed and accurate data become available on species 421 
ranges and habitats for the entire Mediterranean, these can be incorporated into our methods. 422 
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However, we expect that our finding of improved conservation efficiency when comparing a 423 
fully coordinated conservation plan with an uncoordinated plan will still hold true as tested 424 
by our four cost surrogates (Table 1) and supported by findings in Kark et al. (2009) and 425 
Moilanen et al. (2012) within terrestrial systems.   426 
This is the first study that quantifies the benefits of between-country conservation in 427 
the marine realm. We found that conservation costs can largely be reduced if countries 428 
collaborate in the Mediterranean Sea. However, countries will not benefit from collaboration 429 
equally. This type of analysis could be valuable for decision makers when considering the 430 
implementation of transboundary marine parks or multinational marine reserves and the 431 
allocation of international conservation funding for joint conservation agreements (e.g. the 432 
Convention on Biological Diversity (CBD, 2013) signed by ~190 countries with the aim to 433 
provide protection for at least 10% of each habitat type globally; Soutullo et al., 2008). Our 434 
approach is also helpful for assessing the potential benefits of collaboration as a way to 435 
engage and forge collaborative ties; particularly in areas where many countries or geopolitical 436 
divisions within a country (e.g. states) share marine waters and collaborative conservation is 437 
necessary. While, collaboration among countries can be challenging, evaluating the costs and 438 
benefits of collaboration may provide incentives for partaking in collaborative action and its 439 
potential success. Incorporating collaboration into the systematic conservation planning 440 
framework is an important step for advancing such planning in the marine realm, delivering 441 
geographically applicable and efficient conservation outcomes. 442 
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TABLES 
Table 1. Cost and area required to reach our set conservation target (to protect 10% of the 
distribution of 77 threatened species; IUCN, 2012) for the three collaboration scenarios (see 
Table S4 for the per country costs of the uncoordinated scenario). The cost is the average cost 
over ten “best solutions” (1 best solution is from 1000 Marxan runs) of the MPA network. 
The 4 different cost layers represent opportunity cost for both commercial and non-
commercial (recreational and subsistence) fishing for the entire Mediterranean Sea.  
 
 
 
Cost Layers 
Average cost  
(US$ million per year)  
 
Area required to achieve conservation targets 
 (average number of planning units) 
 
Fully 
Coordinated 
Scenario 
Partly 
Coordination 
Scenario 
Uncoordinated 
Scenario  
Cost Layer (a) 
Commercial fishing (decay rate ∝ = 
0.001) and non-commercial fishing 
uses GDP values 
 
652 
 
2,541 
 
 
      
910 
Africa: 292 
Asia: 20 
Europe: 598 
2,546 
 
         2,162 
 
2,553 
Cost Layer (b) 
Commercial fishing (decay rate ∝  = 
0.01) and non-commercial fishing 
uses GDP values 
 
614 
 
2,536 
 
1,140 
Africa: 297 
Asia: 256 
Europe: 587 
2,540 
 
2,540 
 
2,548 
Cost Layer (c) 
Commercial fishing (decay rate ∝ = 
0.05) and non-commercial fishing 
uses GDP values 
 
275 
 
2,543 
 
350 
Africa: 133 
Asia: 16 
Europe: 201 
2,546 
 
1,219 
 
2,552 
Cost Layer (d) 
Commercial fishing (decay rate ∝  = 
0.01) and non-commercial uses an 
equal value ($50) for all countries.  
 
600 
 
2,537 
 
899 
Africa: 315 
Asia: 22 
Europe: 562 
2,537 
 
2,104 
 
2,547 
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FIGURES 
Figure 1. Species richness of the 77 threatened vertebrates in the Mediterranean Sea (IUCN, 
2012; see details in Table S1).  
Figure 2. These four cost layer represents annual revenue (opportunity cost in US$ displayed 
by a quantile range) for commercial and non-commercial fishing in the Mediterranean Sea. 
Commercial fishing is based upon FAO data (FAO, 2011) and the distance to ports (National 
Geospatial-Intelligence Agency, 2005) which is exponentially weighted by a constant ∝. 
Non-commercial fishing opportunity cost is based on local population size (CIESIN, 2005) 
and the relative GDP of the country or an equal value of ($50 per day) for all countries; a) 
commercial fishing (decay rate from port ∝ = 0.001) and non-commercial fishing uses GDP 
values b) commercial fishing (∝ = 0.01) and non-commercial fishing uses GDP values c) 
commercial fishing (∝ = 0.05) and non-commercial fishing uses GDP values d) commercial 
fishing (∝ = 0.01) and non-commercial fishing uses an equal value ($50) for all countries. 
Figure 3. The cost of three conservation planning scenarios (fully coordinated, partly 
coordinated and uncoordinated) for each country’s EEZ in the Mediterranean Sea. Bosnia and 
Herzegovina, Gibraltar, Monaco and Slovenia were not included in the analysis due to their 
small EEZ area. The cost of the conservation plan (annual cost in US$ million) is the average 
cost of ten “best solution” outputs (1 best solution from 1000 Marxan runs) that were run for 
each geographical area of a scenario. The cost layer used in this analysis represents the 
opportunity cost of commercial fishing based upon FAO data (FAO, 2011) and the distance 
to ports (National Geospatial-Intelligence Agency, 2005) which is exponentially weighted by 
a constant ∝ = 0.01 and opportunity cost of non-commercial fishing based on local 
population size (CIESIN, 2005) and the relative GDP of the country. 
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Figure 4. The costs saved by each country when taking part in a collaborative plan (fully or 
partly coordinated) compared to a plan where each country acts in isolation. Collaboration 
costs were subtracted from the costs of a non-collaborative plan. The cost of the conservation 
plan (annual cost in US$ million) is the average cost of ten “best solution” outputs (1 best 
solution from 1000 Marxan runs) that were run for each geographical area of a scenario. The 
cost layer used in this analysis represents the opportunity cost of commercial fishing based 
upon FAO data (FAO, 2011) and the distance to ports (National Geospatial-Intelligence 
Agency, 2005) which is exponentially weighted by a constant ∝ = 0.01 and opportunity cost 
of non-commercial fishing based on local population size (CIESIN, 2005) and the relative 
GDP of the country. 
Figure 5. Three collaboration scenarios displaying selection frequency for 10 “best 
solutions” (one best solution is from 1000 Marxan runs): (a) fully coordinated, (b) partly 
coordinated (coordination only between countries in each continent Europe, Asia and Africa), 
(c) uncoordinated (no coordination between Mediterranean countries). Each scenario protects 
10% of the distribution of 77 threatened marine vertebrate species (IUCN, 2012). The cost 
layer used in this analysis represents the opportunity cost of commercial fishing based upon 
FAO data (FAO, 2011) and the distance to ports (National Geospatial-Intelligence Agency, 
2005) which is exponentially weighted by a constant ∝ = 0.01 and opportunity cost of non-
commercial fishing based on local population size (CIESIN, 2005) and the relative GDP of 
the country. 
 
 
 
